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Abstract 
The multiphase flows and the solid particles suspension are among the key elements and aspects to study during the 
desupersaturation of the crude phosphoric acid. When the multiphase is characterized by a separated liquid and solid phases within 
a particle volume fraction lower than 10%, the single-phase model can be used to represent this type mixture [1]. For the 
desupersaturation case of the weak phosphoric acid referring to the OCP facilities, the quality of the solid particles suspension can 
be approached through the study of the agitation and the evaluation of hydrodynamic flow parameters within stirred tanks. 
This study has in fact a dual vocation. Firstly, it permits to diagnose and evaluate through the CFD approach (Computational Fluid 
Dynamics) the hydrodynamic flow quality, and defines the performance of the agitation system installed in the desupersaturation 
reactor for the weak phosphoric acid. Secondly, based on the diagnosis results, the study will determine also if there will be a 
potential capacity to feed the existing desupersaturation reactor by the concentrated phosphoric acid sludge, which could be 
transferred from of the clarification units of the concentrated phosphoric acid, and if there will be any problems that may accompany 
it. 
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1. Introduction 
Generally, the production of the phosphoric acid is made by wet processes (WPPA) [2]. These processes are based on 
the leaching of inorganic phosphates by acid attack, using mostly the concentrated sulfuric acid [3]. 
This acid attack on phosphate rock, takes place in one or more connected stirred reactors, placed in series with 
recycling streams as required. One may summarize all these processes in four main steps: phosphate rock grinding 
phosphate ore digestion – reaction and leaching; calcium sulfate separation and in a separate step phosphoric acid 
concentration [4]. The different process layouts differ mainly by the way how the reactions are carried out, which 
affect calcium sulfates crystallized forms, and by the desupersaturation unit integration design. Indeed, there are 
processes where this operation is explicitly integrated and others where it is introduced in an implicit manner. In the 
case of the first process, there are always a special units for this unitary operation [2].  
The desupersaturation unit includes two unit operations, namely a cooling operation in which crude phosphoric 
acid (ACP) is led to a state of disequilibrium thermodynamic (desupersaturation properly so called) and an operation 
of solid-liquid separating by simple decantation (clarification). This desupersaturation operation is of great 
importance. It allows to eliminate the undesired compounds and impurities from produced acid. Therefore, its 
optimization within enhancing the agitation quality and the hydrodynamic flow inside stirred tanks has several 
advantages on the phosphoric acid manufacturing by WPPA. Indeed, intimate knowledge of velocity field, induced 
by an agitator; allow to choose best location of impeller and the agitator type for a process or an unit operation. That 
is why the flow field characterization remains a key and essential parameters that allow a good design and an optimal 
conduct of such operations. 
Several experimental methods exist for the local measurement and determination of the velocity fields, such as 
imaging velocimetry particle (IVP) and Laser Doppler velocimetry (LDV) [4]. However, they require sophisticated 
equipments, expertise and a long time for their implementation. These are indeed very expensive methods that require 
difficult operating conditions and often impossible. In contrast, numerical simulation (CFD) is a very effective and 
cheapest way to perform this type of hydrodynamic study and diagnosis of agitation in stirred tanks. 
In the present work, this numerical simulation approach was used on the one hand for the diagnosis, control and 
the proper functioning of desupersaturation reactor exploited in the OCP facilities. On the other hand, it aims to study, 
based on simulation results, the possibility of sludge recycling from the concentration units toward the 
desupersaturation reactor and if there will be any problems that may accompany it. 
2. Pre-processing and conceptual model of desupersaturation reactor 
2.1. Desupersaturation reactor description 
The desupersaturation reactor is a tank with a diameter of 15000 mm, equipped with four baffles and a flate base, 
as shown in Figures 1-2. The impeller is centrally mounted and the turbine is HPM type with a diameter of 3800mm. 
This impeller is located at a distance from the tank bottom of 310mm and have a rotation speed of 27RPM.  
The liquid height was kept constant at 11500 mm. This means that the free surface is assumed to be flat, which is 
generally a good assumption for tank with at least three baffles [5] 
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Fig. 1 : Profile view of the desupersaturation reactor Fig. 2 : Top view of the tank  
The fluid is a dilute phosphoric acid having a concentration of about 29% P2O5, a density of 1280 kg/m3 and a 
viscosity of 1.5 mPa.s. 
2.2. CAO model of the desupersaturation  reactor and conceptual approach 
The geometric model of the desupersaturation reactor is constructed in the commercial software, DesignModeller 
(ANSYS, Inc.). It is represented in figures 3-4. 
 
 
 
Fig. 3 : Walls of the desupersaturation reactor Fig. 4 : Model tank 
In addition, the geometric model is prepared for the calculation. More specifically, the domain is divided in two 
parts (See Figure 4): The rotating zone and the tank zone. This approach called MRF (Multiple reference frame) is 
used to model the impeller rotation. It is a numerical way to transform an unsteady calculation in a steady calculation 
[6]. In practice, the rotation of the impeller is taken into account directly by adding an acceleration term to the 
momentum equation. This term is added in a region close to the impeller. 
2.3. Study domain meshing  
The mesh is purely tetrahedral, view the geometric complexity of the domain and the absence of a privileged 
direction of flow. It contains 2730881 cells: 1321830 in MRF zone and 1409051 in tank zone. 
To capture the gradients of velocity and those of the flow parameters, the mesh is refined where curvature is 
important as well as in small gaps. The method “Proximity and Curvature Sizing functions”, integrated in the 
commercial software Meshing (ANSYS), have been used for this purpose. 
 
Tank Fluid Zone 
(Fixed Reference Frame) 
MRF Fluid Zone 
(Rotating Reference 
Frame) 
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Fig. 5 : Cut "L" in the mesh Fig. 6 : Cut "L" in the mesh, zoomed on the blades 
2.4. Hypothesis 
In this study, we have considered that:  
x The mixture behaves like an incompressible Newtonian viscous fluid, 
x The system is isothermal (temperature is constant throughout the sheath fluid of desupersaturation reactor). 
2.5. Physical models 
In order to study the flow structure and agitation quality in the desupersaturation reactor, the well-known Reynolds, 
Averaged Navier-Stokes Equations model (RANS model) and the K-epsilon model have been used using Its most 
advanced version (the Realizable k-epsilon). It has known to offer an excellent compromise between robustness and 
accuracy in this type of study [7]. 
2.6. Boundary conditions 
To define a particular problem with a unique solution of the conservation equation and transfer system, it is 
imperative to provide information on the flow at different boundaries of domain.  
In this study, we have used the commercial code, Ansys, to solve numerically the mathematical model. Thus, we 
have considered that: 
x The liquid level surface (top surface) is modeled as a symmetry plane. This boundary condition can be understood 
as a slipping wall. This means that the free surface is assumed to be flat, which is generally a good assumption for 
tank with at least three baffles [5]. 
x The shaft is divided in two parts. The first Part is in the fixed reference frame, the second of it is in the rotating 
reference frame. By default, a wall is defined as static with respect to the adjacent fluid zone. This means that the 
wall of the shaft in the rotating reference frame is set as static wall. However, the wall of the shaft in the static 
reference frame must be moving wall. 
x All other boundary conditions are standard walls. 
3. Results and discussions 
The local analysis of the hydrodynamic behavior of the mixture contained in desupersaturation reactor, has several 
advantages. Indeed, knowledge of the velocity field at any point of the sheath provides access to the characterization 
of hydrodynamic flow, the location of dead zones and areas with high velocity gradient. In addition, knowledge of the 
velocity field induced by the agitator blades ensures that the position and types of agitators are compliant and meet 
the objectives. On the other hand, knowledge of turbulent fields allows to quantify the mixture by estimating the 
characteristic of eddies scales, the energy level and the associated energy dissipation rate. However, the determination 
of the flow regime and validation the physical models and theoretical approaches is necessary before the exploitation 
of the results of CFD simulation. In this case study, validation is based on two quantitative parameters characterizing 
an agitator: The power number Np and the flow number Nq. 
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3.1. Flow regime 
The flow regime is determined through the Reynolds number Re. 
 ൌ ɏ
ଶ
Ɋ  
x ɏǣ Fluid density 
x N : Rotation speed 
x D : Impeller diameter 
x  ߤ: Fluid viscosity  
In this case, Re = 5544960. Hence, the flow induced by the agitator is strictly turbulent. Indeed, Re > 104. 
3.2. Torque details 
The detail of torques exerted on the agitator, calculated through CFD simulations is summarized in the table 1. 
Table 1 : Torques details 
Designation Torque (N.m) 
Turbine  8937.65 
Shaft 1.19 
Total 8938,84 
3.3. Mechanical power 
The power P provided by the agitator to fluid, is given by the following relationship: 
 ൌ ʹɎɒ 
Through CFD calculation results and the relationship above, the details of mechanical power supplied to the 
mixture are given in the table 2. 
Table 2 : Puissance details 
Designation Puissance (KW) 
Turbine  25.271 
Shaft 0.003 
Total 25.274 
3.4. Volume flow rate 
The CFD calculations allows to estimate the different current flows induced by the agitator (see Figure 7). The 
results of these calculations are given in detail in Table 3. 
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Fig. 7 : Flow details induced by the impeller 
Table 3 : Volume flow rate details 
Designation Volume flow rate (m3/s) 
Q1   7.998 
Q2  2.046 
Qp  10.04 
3.5. Non-dimensional number: Power number and flow number 
These are two non-dimensional numbers: Power number Np and Flow number Nq. The first (Np) provides a measure 
of the power needed to rotate the impeller. However, the second (Nq) provides a measure of the pumping capacity of 
this impeller. 
The CFD calculation and the formulas of ௣ܰ ൌ ௉ఘேయ஽ఱ and ௤ܰ ൌ
ொ
ே஽య lead to an Np value equal to 0.27 and that of 
Nq = 0.41. These results correlate very well with literature data, where Np =0.26 and Nq = 0.49 [8]. The slight 
differences might come from tanks design that are different. Therefore, these quantitative agreements validate the 
models and the simulation approach used for this study case. 
3.6. Flow type in desupersaturation reactor 
The Analysis of the shape of the current lines (Figure 8-9) shows that the flow of fluid is expelled from the blades 
of the impeller towards the walls of the tank and is divided into two parts, giving two loops that develop, one above 
the mobile, the other below. Therefore, one can conclude that the agitator provides a radial flow to the mixture. 
This type of flow generally leads important shear rates, which can lead to the deterioration of the agitator blades 
[9]. 
 
 
Fig. 8 : Three- dimensional current lines (isometric view) Fig. 9 : Current lines projected on the axial plane 
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3.7. Vilocity field 
The results of CFD analysis of the velocilty Euclidean norm in the entire sheath of desupersaturation reactor (Figure 
15) and the iso-velocities surfaces (Figures 10-14) show that the velocity values are relatively high in the vicinity of 
turbines. These velocities become rapidly weaker away mobile agitation. Therefore, we can conclude that the fluid 
puffs (large eddies), which is constantly renewed under the action of the agitator, evolve quickly towards small 
structures (small eddies) whose energy is dissipated due viscous forces in the form of heat. 
 
   
Fig. 10 : Iso-velocity surface, V=5m/s Fig. 11 : Iso-velocity surface, V=1m/s Fig. 12 : Iso-velocity surface V=0.1m/s 
  
 
Fig. 13 : Iso-velocity surface,  V=0.05m/s Fig. 14 : Iso-velocity surface, V= 
0.001m/s 
Fig. 15 :Velocity tree-dimensional distribution 
in the desupersaturation reactor 
Likewise, the analysis of axial velocity contours, allows one hand to make the same findings on the distribution of 
velocity fields. In the other hand, it allows to reveal the existence of stagnant zones in the vicinities of the free surface 
and the walls of desupersaturation reactor (Figures 16-19). 
 
 
 
Fig. 16 : Axiale velocity contours (globale range) Fig. 17 : Axiale velocity contours (0 ms-1<V<0.5m/s) 
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s)/<V<0.1m1-ms : Axiale velocity contours (0 18 Fig. Fig. 19 : Axiale velocity contours and dead zones location 
Quantitatively, the velocity profiles are plotted on the graphs 20-21. It is found that: 
x Velocity values, in the fluid at a distance of 7 m from the axis of desupersaturation reactor, fall below the value 
0.001 m/s. Therefore, we can conclude that this zone is almost stagnant and may be a privileged path of solid 
sedimentation during sludge recycling from the concentration units toward the desupersaturation reactor (major 
risks of deposits  and scaling formation in the vicinity of the side wall and in the tank bottom) 
x All points located at a distance of 5.5 m and 7 m of the shaft axis, have velocities included between 0.001 m/s and 
0.005 m/s. 
x At very close distances from the bottom or free surface of tank, the velocities become very low (≤ 0.01 m/s). 
 
 
Fig. 20 : Velocity profiles at different radius in the desupersaturation 
reactor as a function of heights 
Fig. 21 : Velocity profiles at different levels in the 
desupersaturation reactor as a function of its radius 
4. Conclusion 
In this study, using the CFD Simulation (Computational Fluid Dynamics), we have established a diagnosis and a 
detailed study on the hydrodynamic flow behavior, and on the agitation performance in the desupersaturation reactor 
of the weak phosphoric acid referring to the OCP facilities. 
In the first step of this work, a geometric model and a conceptual model (MRF) of the stirred tank with his stirring 
system is developed. In order to describe and to simulate the agitation and hydrodynamic behavior in the 
desupersaturation reactor, a physical model is proposed. 
As soon as the simulation calculation are completed and the validation of the theoretical model and the conceptual 
approach was made, we have established a detailed diagnosis as below: 
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x Estimation of the flow parameters and agitation and subsequently shown that the adimensional numbers Np and 
Nq are in good agreement with literature data.  
x Identification of the flow regime, its type and its nature. The CFD simulation showed in fact, that the impeller 
ensure a radial flow in the mixture. This type of flow is characterized by a high shear rate, which may lead to 
deterioration of the agitator blades. This can worsen with a possible increase in the agitation speed and will also 
happen when the solid particles ratio will increase by recycling some sludge from the concentrated phosphoric 
acid clarification units. 
x Determination and interpretation the velocity field and other hydrodynamic flow parameters. 
Finally, the next work will focus, using CFD multiphase simulation, on the estimation of the optimal quantity the 
sludge flow to be recycled from the concentrated phosphoric acid clarification units to the existing desupersaturation 
reactor, and identify the new desupersaturation performance. 
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